Background: Metoclopramide is used to relieve gastrointestinal symptoms, however, it could cause adverse reactions of motor disorders. The aim of this study was to investigate whether metoclopramide treatment has a duration-response or dose-response effect and to estimate the risk of developing Parkinsonism following different and specific durations of treatment. Methods: A cohort study of newly diagnosed type 2 diabetes mellitus in 45-to 79-year-old patients, between 1999 and 2008, was selected using the Longitudinal Health Insurance Database 2005. A nested case-control study was conducted in the diabetes cohort in which all incident cases of Parkinsonism were identified. We randomly matched each case with up to 10 controls from the risk set. Conditional logistic regression was utilized to estimate odds ratio of Parkinsonism associated with metoclopramide use. Results: A total of 34,685 patients with diabetes were assembled as the cohort, and 541 incident Parkinsonism cases were identified. There were duration-response and doseresponse effects on the risk of developing Parkinsonism. Compared with never-use patients, the adjusted odds ratios (ORs) of continuing therapy for 0-1 month, 1-2 months, 2-3 months, 3-5 months, and more than 5 months were 1.17 [95% confidence interval (CI) 0.93-1.45], 1.44 (95% CI 1.04-2.00), 1.74 (95% CI 1.14-2.65), 1.90 (95% CI 1.23-2.93), and 2.17 (95% CI 1.50-3.12), respectively. Conclusions: With metoclopramide treatment, regardless of less or more than 3 months of use, the risk of developing Parkinsonism in patients with newly diagnosed diabetes escalated with the duration of therapy. Therefore, we recommend close monitoring for the development of Parkinsonism in patients treated with metoclopramide, particularly (but not limited to) those with prolonged exposure.
Introduction
Parkinsonism, one of the most common movement disorders in the elderly, is characterized by a constellation of rigidity, bradykinesia, impaired postural reflex, and tremor. 1 Although idiopathic Parkinson's disease is the most common etiology of Parkinsonism, drug-induced Parkinsonism accounts for the second most common cause. 2, 3 Recognizing drug-induced Parkinsonism is important because it could be reversible if the medicine was discontinued in time. [4] [5] [6] Diabetes is the leading cause of mortality and morbidity worldwide, and it is associated with a variety of complications. Gastrointestinal complications usually manifest as esophageal dysmotility, gastroparesis, constipation, and diarrhea. In addition, many glucose-lowering agents have potential gastrointestinal side effects. 7, 8 Prokinetic agents, such as metoclopramide, are commonly used to relieve gastrointestinal symptoms in diabetes patients. 9 In 2009, the United States Food and Drug Administration (FDA) issued a boxed 2 journals.sagepub.com/home/taw
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warning for the use metoclopramide citing the risk of irreversible tardive dyskinesia. 10 Following the black box warning, 23.7% of patients with gastroparesis were still prescribed metoclopramide in the North-Shore University health system, Illinois, United States. 11 Both drug-induced Parkinsonism and tardive dyskinesia are druginduced movement disorders, but the clinical manifestations are different. In addition, both of them could be the adverse reactions of metoclopramide treatment. 12 Therefore, the boxed warning for irreversible tardive dyskinesia was adapted for drug-induced Parkinsonism in this study.
Metoclopramide has been reported to cause Parkinsonism with long-term use 13, 14 because it readily crosses the blood-brain barrier to inhibit dopamine D2 group receptors. 15 Indeed, the prescription of metoclopramide in patients with diabetes to relieve gastroparesis is a drug safety issue. To the best of the authors' knowledge, there has been no study investigating the risk of metoclopramide-induced Parkinsonism specifically in a diabetic population. Therefore, we conducted a nested case-control study to investigate whether metoclopramide treatment had a dose-response effect or duration effect on developing Parkinsonism and to estimate if the risk is increased among those taking metoclopramide for less than 3 months.
Methods

Data source
Taiwan launched a single-payer National Health Insurance (NHI) program in 1995; nearly all of Taiwan's population is enrolled. NHI provides all necessary medical services including hospitalization, outpatient care, rehabilitation, Chinese medicine, dental treatment, vaccination, and all other essential services for all insured individuals. The National Health Insurance Research Database (NHIRD) is a digitalized database containing demographic information, date of medical service, diagnosis, item, and cost of all kinds of medical orders for all claims. However, the dataset lacks the results of all kinds of examination and personal information such as habits of tobacco or alcohol use, family history, and body height and weight. We defined the date of first diabetes diagnostic date as the cohort entry. We also excluded those who had Parkinsonism diagnosed within 1 year of diabetes. Parkinsonism is a slowly progressive disorders, which might lead to a delayed diagnosis. In addition, stroke may cause vascular Parkinsonism, and drugs used to treat mood disorders might cause drug-induced Parkinsonism. Therefore, we excluded those who had a stroke, mood disorders, and cancers before the cohort entry. These exclusions ensured a follow-up period of over 1 year and reduced confounding factors.
Selection of cases and controls
A nested case-control study was conducted within the diabetic cohort. The ICD-9-CM code 332.0, indicating the code of Parkinson's disease whereas the ICD-9-CM code 332.1 meant secondary Parkinsonism. Because it is often challenging to distinguish idiopathic Parkinson disease from secondary Parkinsonism. Therefore, journals.sagepub.com/home/taw 3 both 332.0 and 332.1 were selected as cases of Parkinsonism in our study. All selected cases had at least three records of neurology outpatient visits or one neurology admission. We randomly matched each Parkinsonism case with up to 10 controls from the risk set by sex, age, calendar year of cohort entry, and follow-up duration. The index date was defined as the date of Parkinsonism diagnosed for the first time. For controls, the index date was set as the same date as their matched Parkinsonism case.
Potential confounding factors
Some risk factors that might influence the occurrence of Parkinsonism were identified in this study, including the age of diabetes onset, sex, duration from diabetes to the index date, some comorbidities, and use of statin [Anatomical Therapeutic Chemical (ATC) classification C10AA] and antipsychotic drugs (ATC classification N05A). Comorbidities comprised stroke (ICD-9-CM 430-434), hypertension (ICD-9-CM 401), episodic mood disorders (ICD-9-CM 296), schizophrenic disorders (ICD-9-CM 295), and hyperlipidemia (ICD-9-CM 272). The diagnosis of comorbidities was identified with at least three outpatient visits or one admission claim before index date. (The detailed coding of diseases and medication are listed in the online supplementary material Table S3 .)
Exposure to metoclopramide
Information for the dose of metoclopramide prescriptions was acquired from the NHI website. We identified all prescriptions of metoclopramide dispensed to patients during the period from cohort entry to the index date, and we calculated the correlated indicators, such as the duration from first to last prescription, cumulative drug days, and cumulative dosage of metoclopramide use for each participant. Further, while patients were dispensed metoclopramide continuously over 3 months, the period was defined as overuse.
Statistical analyses
In order to examine whether the frequency of metoclopramide use is higher in diabetes than in hypertension population, we assembled overall metoclopramide records for all patients who were diagnosed diabetes or hypertension according to the calendar year.
Descriptive statistics were used to summarize the characteristics of study cases and matched controls. Chi-squared test was performed to test the difference between categorical variables. Independent t test was used to test the mean difference for continuous variables between cases and matched controls.
We used conditional logistic regression to estimate odds ratio along with corresponding 95% confidence intervals of Parkinsonism associated with the use of metoclopramide. We counted patients without exposure to metoclopramide as 'never' between cohort entry and index date. We split duration-response and dose-response variables into four categories by tertiles based on the distribution of metoclopramide use of control group. We evaluated the duration-response and dose-response relationship and used the transformed ordinal variables as continuous variables in the model to test whether there were a linear relationship between the metoclopramide dose and the risk of Parkinsonism.
Furthermore, we collected all metoclopramide prescriptions between cohort entry and index date. Then we calculated the duration of the consecutive prescriptions. If the gap between consecutive prescriptions was less than 7 days, we treated the prescriptions as consecutive. However, if the gap was more than 7 days, the treatments were considered nonconsecutive. Subsequently, we selected the maximum duration of metoclopramide for each user and divided the consecutive duration into less than 1 month, 1-2 months, 2-3 months, 3-5 months, and over 5 months. The FDA does not recommend the continuous use of metoclopramide for over 3 months; therefore, patients who were dispensed metoclopramide over 3 months were treated as overuse. In addition, we collected dose per day in concordance with continuous duration of metoclopramide use. All statistical analyses were performed with R version 3.2.3. 17, 18 Results
Comparing the utilization of metoclopramide between diabetes and hypertension population
The utilization of metoclopramide in diabetes and hypertension population is similar, however, the overuse rate of metoclopramide in diabetes was higher than in hypertension population. 
Discussion
Our results showed the overuse rate of metoclopramide in diabetes was higher than in hypertension population. Whilst metoclopramide-induced Parkinsonism is well recognized, 13, 19 this study demonstrated for the first time the durationresponse and dose-response effects in patients with mild-to-moderate type 2 diabetes.
Tardive dyskinesia is a movement disorder mainly caused by the prolonged use of dopamine receptor-blocking agents such as antipsychotics or antiemetic drugs. The duration of therapy is one of the major risk factors. 20 The FDA recommend not prescribing metoclopramide for longer than 12 weeks to decrease the risk. In contrast to 
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than those who never used, while longer consecutive use of metoclopramide also increased the risk of developing Parkinsonism, with a remarkable duration-response and dose-response effects.
Drug-induced Parkinsonism is a major health problem. 4 Initially, it was reported as a complication of typical antipsychotics but later recognized as an adverse effect of some of other medicines, including gastrointestinal prokinetics, antidepressants, calcium channel antagonists, and antiepileptic drugs. 21 Among these medicines, metoclopramide is especially important because of its frequent use. The FDA estimates over 2 million Americans are using the medicine. 22 Therefore, we selected a hypertension cohort to compare the utilization and overuse rate of metoclopramide use with the diabetes cohort in the online supplementary material. The trends of patients taking metoclopramide in both diabetes and hypertension cohorts from 1999 to 2008 were around 13-16%, but the overuse proportion of metoclopramide users for diabetes was higher than for hypertension (Tables S1 and S2 in the online supplementary material). Metoclopramide is still commonly used to treat gastrointestinal complications in diabetes patients.
A recent retrospective cohort study coming from Taiwan using the same database found that high metoclopramide exposure users had higher incidence of Parkinsonism than standard exposure users. Patients received metoclopramide more than 30 mg per day or a prescription of duration more than 5 days were defined as high-exposure users. 23 Our study additionally assembled the cumulative dose and duration in the study period to assess the dose-response and durationresponse effect in the metoclopramide use and the risk of Parkinsonism. Furthermore, we estimated the risk for the continuous period of metoclopramide use. Therefore, our study may provide practical information for clinician.
This study has several strengths. First, it used the LHID 2005 database, which is a large population database containing all original claim data for as many as 1 million beneficiaries. This large number enabled us to establish a mild-moderate type 2 diabetes cohort with as many as 34,685 patients and to enroll as many as 541 Parkinsonism cases. In addition, the diagnostic accuracy of type 2 diabetes in our study is highly reliable owing to selecting the patients with three or more visits of consistent ICD-9 CM code as well as antidiabetic medication administration for over 60 days. It has already been established that the diagnostic accuracy of NHIRD for diabetes increases with the number of outpatient visits. 24 Population-based studies need to pay more attention to time-relative biases, for example, immortal time bias, selection bias, and confounding bias. 25, 26 Therefore, we conducted a nested case-control study and matched the duration of follow up among cases to controls to deal with the exposure to metoclopramide over time. 27 However, the study also has some limitations. First, the diagnosis of NHIRD relied on ICD-9-CM codes. An administrative database in the United States using the same ICD-9-CM codes revealed that this coding system was limited in its ability to differentiate Parkinsonism of variable causes. 28 Not only in diagnosis coding but in clinical practice, it is often challenging to distinguish idiopathic Parkinson disease from secondary Parkinsonism. Therefore, we rely on the neurologist's at least three consistent outpatient diagnosis to improve the accuracy. We also enrolled one neurology admission of Parkinsonism, hospitalization increases the probability of accurate diagnosis. We only recruited patients with Parkinsonism from neurology clinics. Second, patients were newly diagnosed diabetics, and thus would not necessarily be expected to have developed significant neuropathic complications requiring metoclopramide use. Third, owing to the nature of the study, we have no data on adherence. These might underestimate the risk of metoclopramide on Parkinsonism. Finally, a limitation is the possibility of information bias, that is, that increasing duration of metoclopramide exposure may present more opportunities for the diagnosis of Parkinsonism owing to prolonged duration of symptoms and more clinic visits.
In conclusion, patients with diabetes who are being considered for treatment with metoclopramide for gastrointestinal symptoms should be made aware of the risks. There were a remarkable duration-response and dose-response effects on the risk of developing Parkinsonism. We recommend close monitoring for the development of Parkinsonism in patients treated with metoclopramide, particularly (but not limited to) those with prolonged exposure.
